A Gram-stain-negative and non-motile bacterial strain that formed rods and orange-pigmented colonies, designated HMF6543
The family Flavobacteriaceae, proposed by Jooste [1] , comprises, at the time of writing, more than 100 genera (www. bacterio.cict.fr), constituting one of the largest phylogenetic groups in the phylum Bacteroidetes [2, 3] . The family includes many marine species from diverse habitats [2] [3] [4] . The genus Sabulilitoribacter, a member of the family Flavobacteriaceae, was first proposed by Park et al. [5] with the description of Sabulilitoribacter multivorans, which is the type and only recognized species of the genus at the time of writing. S. multivorans is a Gram-negative, aerobic, nonflagellated, non-gliding and rod-shaped marine bacterium, which was isolated from seashore sand of a seaweed farm on the South Sea. This strain possess MK-6 as a predominant menaquinone and iso-C 15 : 1 G, iso-C 15 : 0 and iso-C 17 : 0 3-OH as the major fatty acids. The major polar lipids detected were phosphatidylethanolamine and one unidentified lipid. The DNA G+C content was 37.4 mol% [5] . In this study, a novel strain phylogenetically affiliated with the genus Sabulilitoribacter was isolated from seashore sand and subjected to a polyphasic taxonomic analysis.
Strain HMF6543
T was isolated from sand from seashore, located on the South Sea in Boseong, Republic of Korea (34 40¢ 12 † N 127 5¢ 39 † E). The sand sample (1 g) was suspended in 10 ml sterile 2 % (w/v) NaCl solution and vortexed for 1 min. The dispersed suspension was diluted serially in 2 % (w/v) saline water, spread on marine agar (MA; BD) plates and incubated at 30 C for 7 days. Orangecoloured colonies were picked from the plates and purified by streaking three times on MA. Cultures were maintained at 30 C on MA plates and stocks were preserved in distilled water supplemented with 20 % (v/v) glycerol at À80 C and by lyophilization. Sabulilitoribacter multivorans KCTC 32326 T obtained from the Korean Collection for Type Cultures (KCTC) was used as the reference strain for phenotypic characterization and chemotaxonomic analysis.
For phylogenetic analysis of strain HMF6543
T , PCR-mediated amplification and sequencing of the 16S rRNA gene were performed using universal primers (27F, 518R, 785F and 1492R) [6] . Identification of phylogenetic neighbours and multiple alignment of the pairwise 16S rRNA gene sequence were performed by using the EzTaxon, EzEditor and SILVA Incremental Aligner [7] [8] [9] . Phylogenetic trees were generated by using MEGA version 7 [10] using neighbour-joining [11] , maximum-likelihood [12] and maximum-parsimony [13] algorithms. The neighbourjoining and maximum-likelihood trees were reconstructed by using the Jukes-Cantor model [14] and the Kimura twoparameter model [15] , respectively. The K2+G+I model was determined to be the best fit. The maximum-parsimony tree was inferred by using the tree-bisection-reconnection method with the number of initial trees (random addition) as 10 and partial deletion options. The robustness of the topologies for the neighbour-joining and maximumlikelihood trees was evaluated by means of bootstrap analysis based on 1000 resamplings of the sequences [16] .
Phylogenetic analyses based on the 16S rRNA gene sequences revealed that strain HMF6543
T formed a coherent branch (bootstrap value of 65 or 74 %) with S. multivorans M-M16
T in the family Flavobacteriaceae (Fig. 1 ). This relationship was supported by all of the tree-making algorithms. The highest sequence similarity for strain HMF6543
T was 96.7 % with S. multivorans M-M16
T . This phylogenetic inference, together with the level of 16S rRNA gene sequence similarity between strain HMF6543
T and S. multivorans KCTC 32326 T suggested that it represented a novel species of the genus Sabulilitoribacter.
Cell morphology and presence or absence of flagella were studied by transmission electron microscopy (LIBRA120; Carl Zeiss). Colony properties were also examined by the naked eye. Gliding motility was tested using the hanging drop method [17] . Gram-staining was performed according to the method of Hucker [18] . Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 solution. Oxidase activity was determined by a chromogenic reaction through the oxidation of 1 % (w/v) N,N,N¢,N-tetramethyl-p-phenylenediamine dihydrochloride solution (Sigma). The presence of flexirubin-type pigments was investigated using the bathochromatic shift test with 20 %
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Capnocytophaga ochracea ATCC 27872 T (U41350) (w/v) KOH solution [19] . The optimal growth temperature was tested at eight different temperatures (4, 10, 15, 20, 25, 30 , 37 and 42 C) on marine agar 2216 (BD). Growth was examined at 30 C in marine broth adjusted to pH 4.0-10.0 at increments of 1.0 pH unit intervals. The pH values of 4.0-6.0, 7.0-8.0 and 9.0-10.0 were obtained by using sodium acetate/acetic acid, Tris/HCl and Na 2 CO 3 buffers, respectively. Growth in the absence of NaCl and in the presence of 0.5-6 (at increments of 0.5 % intervals) and 7-13.0 % (w/v) NaCl (at increments of 1 % intervals) was investigated at 30 C in MB prepared according to the formula of the BD medium, except that NaCl was excluded. Growth under anaerobic conditions was determined on MA at 30 C for 5 weeks by using the GasPak EZ Anaerobic container System (BD). Growth was tested on nutrient agar (NA), marine agar 2216 (MA), tryptic soy agar (TSA), R2A, blood and MacConkey agars (all BD). DNase activity was assessed on DNase test agar (BD). Hydrolysis of casein C. Carbon source utilization was tested using the GN2 MicroPlates (Biolog). Physiological and biochemical characterization was performed using the API test systems (API ZYM and API 20NE; bio-M erieux) according to the manufacturer's instructions except that cells were suspended in 2 % (w/v) NaCl solution. Antibiotic susceptibilities were tested on MA plates at 30 C for 3 days with the paper disc. The discs (µg per disc; Liofilchem) contained the following antibiotics: ampicillin (10), chloramphenicol (30), erythromycin (15), gentamicin (10), kanamycin (30), penicillin G (10 IU), rifampicin (30), streptomycin (10), tetracycline (30) and vancomycin (30). Susceptibility to antibiotics was interpreted according to the CLSI [20] criteria for family Enterobacteriaceae. The genomic DNA of strain HMF6543
T was extracted using a Bacteria Genomic DNA prep kit (Biofact) and the DNA G+C content was determined by the DNA melting temperature method [21] . The reaction mixture of thermal denaturation and the strains for calibration reference were used according to Joung et al. [22] . Fluorescent DNA melting curves were generated in triplicate. The DNA G+C content of strain HMF6543
T was calculated using a linear regression analysis of the melting temperature (T m ) against calibration reference strains. For analysis of cellular fatty acids, cells of strain HMF6543
T and reference strain S. multivorans KCTC 32326 T were harvested from MA plates after incubation at 30 C until they reached the midexponential phase according to the four quadrants streak method. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.1). The fatty acids were analysed by gas chromatography (7890A GC system; Agilent) and identified by using the RTSBA6 database of the Microbial Identification System [23] . The respiratory quinones and polar lipids of strain HMF6543
T and S. multivorans KCTC 32326 T were extracted from freezedried cells as described by Minnikin et al. [24] . The crude quinone compound was purified using preparative thinlayer chromatography (TLC) and analysed using reversephase high-performance liquid chromatography [25] . Polar lipids were separated by two-dimensional TLC (coated with silica gel, 10Â10 cm; Merck) using chloroform/methanol/water (65 : 25 : 3.8) in the first direction, followed by chloroform/acetic acid/methanol/water (40 : 7.5 : 6 : 1.8) in the second direction. Plates were sprayed with molybdophosphoric acid reagent (Merck), ninhydrin reagent (Sigma), molybdenum blue reagent (Sigma), a-naphthol reagent and Dragendorff reagent (Merck) for detection of different polar lipids [24] .
Morphological, physiological and biochemical characteristics of strain HMF6543
T and related type strain S. multivorans KCTC 32326
T are listed in Table 1 and in the species description. Strain HMF6543
T was able to grow at 10-30 C and at pH 6-8. The range of NaCl concentrations for growth was 0.5-5.0 % (w/v) NaCl. Good growth occurred on MA, but not on R2A, nutrient, blood, TSA or MacConkey agars. It was susceptible to ampicillin, chloramphenicol, erythromycin, penicillin G, rifampicin and vancomycin, but resistant to gentamicin, kanamycin, streptomycin and tetracycline. Cells were strictly aerobic, Gram-stain-negative, non-motile and rod-shaped. Colonies were orange, circular, convex and smooth after growth for 3 days at 30 C on MA. Oxidase and catalase were both positive. Strain HMF6543 T shared characteristics such as being Gram-stain-negative and rod-shaped, typically; however, several characteristics of HMF6543
T could be differentiated from S. multivorans KCTC 32326
T by its colony colour, inability to grow at 37 C, inability to hydrolyse soluble starch and aesculin, the presence of cysteine arylamidase, N-acetyl-b-glucosaminidase and a-fucosidase activities, and by the absence of achymotrypsin activity. The DNA G+C content of strain HMF6543 T was 31.9 mol%. The fatty acid profile of strain HMF6543 T is shown in Table 2 . The fatty acid profiles were similar, with large proportions of iso-C 15 : 1 G (25.4 %), iso-C 15 : 0 (19.6 %) and iso-C 17 : 0 3-OH (13.0 %), to species of the genus Sabulilitoribacter, but differed in the amounts of iso-C 12 : 0 , iso-C 14 : 0 and iso-C 16 : 0 3-OH. The predominant quinone of strain HMF6543
T was menaquinone-6 (MK-6). The major polar lipids of HMF6543 T were phosphatidylethanolamine, two unidentified aminolipids, one unidentified glycolipid and three unidentified lipids (Fig. S1 , available in the online Supplementary Material). The polar lipids profile of HMF6543
T was similar to that of strain S. multivorans KCTC 32326
T . However, strain HMF6543 T differed from strain S. multivorans KCTC 32326
T by the presence of an unidentified polar lipid. Morphological, physiological and biochemical data confirm the phylogenetic affiliation of strain HMF6543
T to the genus Sabulilitoribacter. Therefore, strain HMF6543
T should be classified in the genus Sabulilitoribacter as a member of novel species, for which the name Sabulilitoribacter arenilitoris sp. nov. is proposed.
DESCRIPTION OF SABULILITORIBACTER ARENILITORIS SP. NOV.
Sabulilitoribacter arenilitoris (a.re.ni.li.to¢ris. L. n. arena sand; L. n. litus -oris the seashore, coast; N.L. gen. n. arenilitoris of sand of the seashore).
Cells are Gram-stain-negative, aerobic, non-motile rods, approximately 0.5-0.6 µm wide and 1.8-2.1 µm long. Colonies on MA are circular, smooth, orange-coloured and approximately 0.7 mm in diameter after 3 days growth at 30 C. Growth occurs at 10-30 C (optimum, 30 C), at pH 6-8 (optimum, pH 7-8) and in marine broth supplemented with 0.5-5 % NaCl (optimum, 2 % NaCl). Oxidase-and catalase-positive. Flexirubin-type pigments are not produced. Growth is not observed on R2A, NA, TSA, blood or MacConkey agars. DNA, starch, dextrin, casein (skimmed milk), CM-cellulose and cellulose (filter paper) are not hydrolysed. Positive for nitrate reduction, arginine dihydrolase, urease and b-galactosidase (PNPG test) activities; negative for indole production, glucose fermentation, aesculin hydrolysis and gelatinase activity and assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetyl-glucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. Alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, N-acetylb-glucosaminidase and a-fucosidase activities are present; T . Both strains were positive for oxidase and catalase activities; alkaline phosphatase, esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities. Both strains were negative for nitrate reduction; indole production; arginine dihydrolase, urease, lipase (C14) lipase (C14), a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase and amannosidase activities are absent. In carbon source utilization tests, positive for dextrin, a-D-glucose, pyruvic acid methyl ester, a-keto butyric acid, a-keto glutaric acid, a-keto valeric acid, hydroxyl-L-proline, L-proline and Lthreonine. Other substrates are not utilized. The major cellular fatty acids (>10 %) are iso-C 15 : 1 G, iso-C 15 : 0 and iso-C 17 : 0 3-OH. MK-6 is the predominant respiratory quinone. The polar lipids are phosphatidylethanolamine, two unidentified aminolipids, one unidentified glycolipid and three unidentified lipids.
The type strain is HMF6543 T (=KCTC 52401 T =NBRC 112674 T ), isolated from seashore sand of the South Sea located on Boseong in Jeollanam-do, Republic of Korea. The DNA G+C content of type strain is 31.9 mol%.
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